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lyf. (Thrice Amended) An electroplating device for wafer metallization [as set forth 
in claim 39, which further comprises] ? f » ™«* *™ interronnection cornprisjns: 
a reservoir fo r electrolyte. 

« >,nlrfer ada pted to ho ld the wafer ahove said reservoir, 
a f f o unter-electro rte W said reservoir. 

—-n tf*^ for passing curr ent between saj4 connter-decftode and the wafer in sai d 

hQldjL 

Q rirff ,d„ P t e d for numoinp ftWtmi ytft frnm said reservoir against ttff wafer , in said 
holder, and 

a non-conducting porous separator between said wafer fapjder and said counter^ 
electrode. -- 


(Thrice Amended) An electroplating device for wafer metallization [as set forth 
in claim 39,] "f ff wafer for interconnection comprising: 
ft reservoir for el ectrolyte. 

„ h ? \$«r ada pted to hold the wafer above said rese rvflk, 
^ , nminter-electrode in n ni^ rfi?TY- Iff H '•"""^-dectrodp disposed CQncentrjcallY with 

said holder, 

means adapted for passing cur r ^t between said counter-electrode find ^ Wr^r tiM* 

holder. 

« pim p adante d for p um ping elec ^l yte frnm said reservoir npainst thg wafer fa s»id 
holder, and 

wherein the diameter of said counter; electrode is smaller than the diameter of said wafer 


holder. 
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(Thrice Amended) An electmnlatine device [according to claim 41] forflafer , 
met allization of a wafer for interconnection comprising 
a reservoir for e lectrolyte. 

? holder ada pted to hold the wafr r «^"ve said reservoir, 
a rni ^er-electr ode in said reservoir. 

m.^ ada pted for oassinp current be t ween said counter-electrode g*d the wafer in , said 

holder. 

• pump ada pted for pumping electrolyt e Wn Raid reservoir against the wafer injja jd 
holder, and 

a [in which said] distributor pftfiflfl""* in said reservoir and [is] formed with holes at an 
angle to the flow direction nfthe electrolyte whereby electrolyte causes rotatipn of ^ 
distributor and emerges from said distributor in the form of multiple submerged jets adapted to 
contact a face of said wafer held in such holder.- 

--tf. (Thrice Amended) An electroplating device for wafer metallization as set forth 
in claim j^which further comprises a distributor in said reservoir positioned in front of said 
holder, said distributor being formed with holes at an angle to the flow direction ofJkg 
electrolyte, said distributor being below the level of the electrolyte [and above said distributor], 
and means for forcing electrolyte through said distributor in the form of multiple jets contacting 
the surface of said wafer in said holder and causing rotation of said distributor, said jets serving 
as an ionic path for the passage of current between said wafer and said counter : electrode.-- 


(Thrice Amended) An electroplating device for wafer metallization [as set forth 
in claim 39 which further comprises] of a wafer for interconnection comprising; 
a reservoir for electrolyte. 

a hpld er adapted to hold the w afer above said reservoir 
a counter-electrode in said reservoir* 

ij, ?a ns ada pted for na^ in p current b etween said counter-electrode and tk wafer fa said 
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holder. 

n r .™ r ada pted for oump in fT electrolyte from said reservoir agriffiHLfltf ^ er in 
holder, and 

means for periodically reversing current adapted to remove excess electroplating metal 
from areas on the wafer in « a id holder where the electroplating is thicker than the average and 
wherein the total electrical charge passed during the reversed current period is smaller than the 
total charge passed during the forward current period,- 

J^8\ (Thrice Amended) An electroplating device for wafer metallization [as set forth 
in claim 39 which further comprises] «f a wafer for interconnection comprising: 
a reservoir for electrolyte. 

a hn% r fflfo pted to h old the wafer above said reserypj^ 
a counter-electr ode in said reservoir, 

r^ns ada pted for oass in p current betw een said coynte r-slecfrode , and the wafer in 

holder. 

1 nrT ada pted far pum ping electrolyte from said reservoir apainqt the wafer fr said 
holder, and 

means for applying pulsed current to said pump during the electroplating process.- 


29. (Unchanged) An electroplating device for wafer metallization as set forth in 
claim 39 wherein said holder is stationary and/vhich further comprises means for rotating said 


reservoir. 


30. (Unchanged) An ela&oplating device for wafer metallization as set forth in 
claim 39 which further comprise/means for rotating said wafer holder. 


y{, (Thrice Amended) An electroplating device for the metallization of wafers for 
interconnection comprising an electroplating apparatus having a reservoir adapted to contain 
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electrolyte, a holder for a wafer coated with a thin barrier layer and a thin seed layer of the metal 
to be electroplated, an assembly of contact pegs on an insulating ring masking the 
circumferential edge of said wafer and pressing against said wafer, insulating sleeves insulating 
said pegs from electrolyte in said reservoir except at the points of contact with the wafer, said 
contact pegs being spatially distributed over the surface of said wafer to ensure uniform 
electroplating of the metal over the entire wafer, and means for feeding electrical current from a 
contact to the center of the wafer and from a plurality of contact points at said counter. 


electrode.-- 


32. (Unchanged) An electroplating device for wafer metallization as set forth in 
claim 3 1 which further comprises means for gating said contact pegs assembly and said wafer 
together. 

33. (Unchanged) An elec/oplating device for wafer metallization as set forth in 
claim 3 1 which further comprises $nunp to pulse eleclrolyte upward against a wafer held in 
said holder while said wafer is re&ng on said contact pegs and said insulating ring. 

34. (Unchanged)^ electroplating device for wafer metallization as set forth in 
claim 3 1 which further comprises means for rotating said contact peg assembly and said wafer 
while said electrolyte is/pumped upward against said rotating wafer, said holder supporting said 
wafer so that an activ^surface of a wafer is exposed to electrolyte and the opposite side of said 
wafer is protectedJrom said electrolyte. 

35. ^(Unchanged) An electroplating device for wafer metallization as set forth in 
claim 31 wh^ch further comprises means for periodically reversing the current to remove excess 
electroplXg metal from areas on the wafer where the electroplating is thicker than the average 
and wherein the total electrical charge passed during the reversed current period is smaller than 
the to4i chaTge passed during the forward current period. 
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36. (Unchanged) An electroplating device for wafer metallization as set forth in 
claim 31 which further comprises ineans to pulse said pump during the electroplating process. 

37. (Unchanged) Ah electroplating device for wafer metallization as set forth in 
claim 3 1 wherein said wafe/ii s stationary and which further comprises means for rotating said 
reservoir. 

38. (Unchanged) An electroplating device for wafer metallization as set forth in 
claim 3 1 which ffmher comprises means for rotating said wafer. 

I ^~yf. (Amended) An electroplating device for metallization of a wafer poatedwj& a 
thin harrier laver ? H " Iwr "f ■ n*tf to be electroplated oyer the barrier layer with 

an electrolyte cor^ nin p an electroplated metal in so lution for interconnection comprising: 
a reservoir for electrolyte, 

a holder adapted to hold [a] tijg wafer above said reservoir, 
a counter-electrode in said reservoir, 

means adapted for passing current between said counter-electrode and [a] wafer in 
said holder, 

a pump adapted for pumping electrolyte from said reservoir against [said] ffig wafer la 
said holder. 

means for adjusting fr « plating oaf ameterBfr of the electrolyte , wherejn; 

w wi fL anrl f&are the resistivities o f fha metal to be electroplated and the electrolyte, 
respectively. R <« thCradius of ft * wa fer, W is the thickness of the electroplated metal andjjig 


the distance between said w *fer and said counter-electrode.. 


40^ (Unchanged) An elorffroplating device according to claim 39 which further 
comprises means for causing relative rotation between said holder and said reservoir. 
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~/l . (Amended) An electroplating device [according to claim 39 which further 
comprises] of wafers for ^l^cnnnection comprising; 
B """TYflfr fnT electrolyte. 

a tinlder adapted to ho ld a wafer above said reservpjL 

a sinter-electrode in said reservoir, 

m^n« far passine curre n t fiaic j c n ^ter.electrode and a wafer in said holdfiL 

r ,,mp far pumoing el e nh-olvte from said reservoir agajfifft ™'d wafer, and 
. distributor positioned in said reservoir ^eluding a disk having a plurality qthg lgs 
,d* pted to provide ^ flow nf electr ni yt^ through the disk that is uniform along a radius , of pie 


a i 



42. (Unchanged) An electroplating device according to claim 41 which further 


comprises means for rotating said^fstributor relative to said holder. 

#l-4*T (Amended) A method of electroplating for the metallization of wafers for 

interconnection comprising: 

providing a reservoir containing a counter-electrode, 
providing a holder above said reservoir, 

providing a wafer coated with a thin barrier layer and a thin seed layer of the metal to be 
electroplated over said barrier layer in said holder, 

placing an electrolyte containing an electroplated metal in solution in said reservoir and 
adjusting the plating parameter B* of said electrolyte wherein: 
B 2 =(p/p c ,)(R 2 /Wd)<l 

where p and p el are the resistivities of said metal to be electroplated and said electrolyte, 
respectively, R is the radius of said wafer, W is the thickness of the electroplated metal and d is 
the distance between said wafer and said counter = electrode, 

a pump to pump said electrolyte upward against said wafer, and 

passing a current between said counter-electrode and said wafer- 
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44. (Unchanged) A method according to claim 43jfrhich further comprises 
positioning a non-conducting porous separator in said elec Xte above said counter-electrode. 

45. (Unchanged) A method according to cl^m 43 wherein the concentration of said 
electrolyte is such that B 2 £ 1 . 

46. (Unchanged) A method according^ claim 43 which further comprises placing 
leveling agents in solution with said electrolyjfc t/increase charge transfer resistance at a 
metal/electrolyte interface. 

47. (Unchanged) A method aei/rding to claim 43 wherein the size of said counter- 
electrode is smaller than the size of saio/ ^afer. 

I, 

48. (Unchanged) A method according to claim 43 which further comprises rotating a 
distributor in said reservoir. 

49. (Unchanged) A m/thod according to claim 48 in which said distributor is formed 
with holes at an angle to flow diction whereby electrolyte merges from said distributor in the 
form of multiple jets submerged in electrolyte directed at a face of said wafer. 

50. (Unchanged/ f method according to claim 49 in which said jets cause rotation of 
said distributor. 

51. (Unchanj/ed') A method according to claim 49 wherein said jets perform said 
step of passing a current/between said counter-electrode and said wafer. 

52. (Unchanged) A method according to claim 43 in which said step of passing 
current comprises periodically reversing said current, the period of reversed current being 


/ 
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smaller than the period of forward current. 

53. (Unchanged) A melhod according to claim 43 in which said step of pumping 
said electrolyte comprises pulsing said pump. 

54. (Unchanged) A/method according to claim 43 which further comprises causing 
relative rotation between said ytoafer and said reservoir. 


dytoa 

55. (Unchanged^ A method according to claim 54 in which said reservoir is rotated. 

56. (UnchanjWd) A method according to claim 54 in which said wafer is rotated. - 

57. (Unchanged) A method according to Claim 43 wherein said step of adjusting the 
plating parameter comprises adjusting W. 

58. (Unchanged) A method according to Claim 43 wherein the step of adjusting the 
plating parameter/comprises adjusting d. 

59. Unchanged) A method according to Claims 43 wherein said step of passing a 
current composes pulsing said current. 

REMARKS 

Applicant wishes to thank the Examiner for the courtesy extending during his telephone 
conference with Victor Johnson on April 19, 2000 and in forwarding copies of United States 
Patent No. 6,042,712 to Mathieu and United States Patent No. 6,001,235 to Arken et al for 
Applicant's convenience. 
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